Abstract Literature about the association between clinical and laboratory presentation and pyloric muscle thickness in infants with pyloric stenosis is lacking. The objective of this study is to examine the effect of pyloric muscle thickness on clinical and laboratory presentation in infants with pyloric stenosis. Thirty infants with hypertrophic pyloric stenosis presented at the Maternity and Children Hospital, AlMadinah, Saudi Arabia, were included in this study analysis. Clinical and laboratory data of these infants were recorded. Statistical tests and univariate linear regression analyses were used as appropriate. P value was considered significant at a level ≤0.05. The mean age of the studied infant was 5.1± 2.6 weeks and mean weight was 3.4±0.7 kg. Most of these infants were full-term (93.3 %), some presented to the hospital dehydrated (80 %), and some were lethargic (56.7 %). The mean pyloric muscle thickness among these infants showed statistically significant difference with regard to the studied clinical and laboratory data. A linear regression analyses also showed positive association between increasing pyloric muscle thickness and almost all studied clinical and laboratory data, with statistically significant difference observed for hyponatremia, hypochloremia, and high bicarbonates. The findings suggest that pyloric muscle thickness is a significant factor that determines the severity of clinical and laboratory presentation in infants with pyloric stenosis.
Introduction
Hypertrophic pyloric stenosis (HPS) is one of the common gastrointestinal emergencies in early infancy with a recognized incidence of 2 to 4 per 1,000 live births in Western countries and 8.2 to 12.3 per 1,000 live births in the US [1, 2] . It is commonly presented during the first 2 to 12 weeks of life [3] . The affected infant usually presents with repeated, nonbilious vomiting after feeding which is initially non-projectile that with time progresses to a projectile one. This is why in the early stages HPS can be misdiagnosed as a gastrooesophageal reflux disease. This delay in the diagnosis (usually more than 2 weeks) causes continuous loss of hydrochloric acid from persistent vomiting that consequently causes changes in the serum: pH, sodium, potassium and chloride levels. The classical change that has been described is hypochloremic metabolic alkalosis. Persistent vomiting can also lead to dehydration that results in either hyper-or hyponatremia. Some authors [4] reported in their works that the severity of clinical and biochemical changes has a relation to the duration of symptoms. However, others failed to confirm this relation [5] . Based on this pathophysiology, the study was designed to find if there is a relation between pyloric muscle thicknesses and the clinical and laboratory presentation in infants with hypertrophic pyloric stenosis.
Patients and Method
A retrospective review was performed on all cases of infants with pyloric stenosis admitted at the Maternity and Children Hospital, Al-Madinah, Saudi Arabia, between Jan. 2008 and Dec. 2012. The collected data were the following: patients' demography, clinical presentations, duration of symptoms, laboratory data (pH, HCO 3 , Na
, and ultrasound findings on admission. The institutional review board approved the study. The socio-demographic variables were categorized during analysis as follows: weight (<4 kg vs. >4 kg, according to its median distribution in the studied sample) and sex (male vs. female), while the clinical data were categorized as follows: vomiting duration (<1 week vs. >1 week, according to the association between the duration of vomiting and severity of clinical presentation) and presence or absence of dehydration (classified based on the clinical examination and laboratory data at admission). The normal ranges for electrolytes based on which we categorized them into normal, high or low were as follows: Na + =135-145 mmol/L, Cl − =98-108 mmol/L, K + =3.5-4.5 mmol/L, and HCO 3 =22-30 mmol/L. The variables were categorized according to their median distribution among the whole studied infants.
Statistical Analysis
The data was analyzed using statistical analysis software package (SAS). The studied data were presented by their frequency number and percent for the categorical variables and mean±SD for continuous variables. Unpaired t test and ANOVA were used as appropriate to compare the mean muscle thickness of the pyloric canal by the different studied variables. Fisher's exact tests were used to compare vomiting duration with the studied factors. A univariate linear regression analyses were also used to examine the association of pyloric muscle thickness with the studied clinical and laboratory data. P value was considered significant at a level ≤0.05.
Results
The study included 30 infants with hypertrophic pyloric stenosis. All the studied infants were male except three. Table 1 presents general, clinical, laboratory, and ultrasonographic findings of the studied infant. The mean age was 5.1± 2.6 weeks and mean weight was 3.4±0.7 kg. Twenty-eight of the studied infants (93.3 %) were full-term. Ten of them (33.3 %) presented with history of non-bilious vomiting of less than 1 week. Twenty-four of the studied infants presented with some degree of dehydration (80 %) and 17 with lethargy (56.7 %). High bicarbonate level was found in 56.7 % and alkaline pH in 60 %. Low sodium, potassium, and chloride levels were detected in 36.6 %, 20 %, and 43.3 % of them, respectively. The mean muscle thickness of pyloric stenosis was 5.3±1.1 mm, and the mean pyloric length was 19.5± 3.2 mm.
The results showed nearly similar mean thickness of the pyloric muscle among the studied infants regarding their gestational age and weight at diagnosis. The mean of muscle thickness was higher among dehydrated and lethargic infants compared to other infants with statistical significant difference. In addition, there has been statistically significant difference of mean muscle thickness by vomiting duration, where the higher thickness was among infants with more than 1 week duration (P value<0.01). Also the mean muscle thickness was higher among those infants with clinically palpable pyloric mass, compared to those with no clinically palpable pyloric mass with statistically significant difference (p=0.002) ( Table 2) . The mean pyloric muscle thickness among those infants with low sodium and chloride levels and those with alkaline blood pH and high bicarbonate was higher with statistically significant differences (P value 0.04, 0.002, 0.04, and 0.04, respectively). The mean pyloric muscle thickness was nearly the same among infants with different potassium levels ( Table 3) .
The results of the linear regression analysis for pyloric muscle thickness and clinical and laboratory data revealed that there have been positive associations between pyloric muscle thickness and dehydration and lethargy with regression coefficients which were +0.22 and +0.50, respectively. Also, there were positive associations between increasing muscle thickness of the pylorus and vomiting duration for more than one week (+0.45), clinically palpable mass (+0.60), and all the studied laboratory factors: hyponatremia (+0.94), hypochloremia (+0.75), alkaline pH (+0.50), and high HCO 3 (+0.70).
Discussion
The diagnosis of pyloric stenosis (PS) can be suspected based on patient age at presentation and the characteristic of the vomiting which is non-bilious projectile vomiting. The affected infants may be dehydrated and/or lethargic. The presence of the classical hypochloremic metabolic alkalosis aids in the diagnosis, but it is not always present in PS [6] [7] [8] . Although palpation of the pyloric mass (olive) is diagnostic, it may be not detected in 11 % to 51 % of cases [9, 10] . In this study, most of the studied infants were presented with some degree of dehydration (80 %) and lethargy (57 %), alkalemia (60 %), and hypochloremia (44 %). This study and most of the previous ones which studied the clinical and biochemical presentation of PS were retrospective. Nevertheless, there was a difference in the reported prevalence of the biochemical changes. Glatstein et al. [11] found hypochloremia in 23 % and alkalosis in 14.4 % of their patients, while Goh et al. [12] reported alkalemia in 63 % and hypochloremia in 46 % of 50 infants. Shaoul and his colleagues [13] noticed alkalosis only in 20 % of their patients. Papadakis and co-workers [14] noted only 12 % of their studied children having electrolyte abnormalities on admission. Researchers based on the understanding of the physiological response believed that the clinical and laboratory findings in PS related to the duration of symptoms.
Quinn et al. [15] found a statistically significant positive correlation between the duration of symptoms and the low level of chloride, and a positive correlation also has been found with the pH and bicarbonate levels, but was statistically insignificant. In the same line, Beasley and his associates [16] noticed patients with severe vomiting for more than 1 week and those with more than 5 % dehydration having metabolic abnormalities. Nmadu [17] found that the duration of presentation affects the laboratory abnormalities. He found that if the duration is 3 weeks or less the metabolic changes were metabolic alkalosis and normal potassium, and if the duration is more than 3 weeks the changes were metabolic alkalosis and hypokalemia. Kildeberg [18] shares the same concept and reported that the presence of metabolic alkalosis implies the long duration of illness. Malcom et al. [19] found normal bicarbonate levels in eight non-consecutive cases despite all they had projectile vomiting and increased vomiting frequencies although the duration of history was not mentioned. In the same context, Aljazaeri et al. [5] showed that there was no relation between duration of vomiting and biochemical changes. More than that, they believed that the metabolic abnormalities are best related to the severity of pyloric stenosis rather than the duration of symptoms. In this study, however, we found a statistically significant relation between the duration of vomiting and muscle thickness. Moreover, we revealed a significant relation between muscle thickness and presence of dehydration, lethargy, and palpation pyloric mass. Based on the pathophysiology point of view, the severity of the pyloric stenosis is related to the muscle thickness; as the muscle thickness increases, the gastric outlet narrowed and, hence, the vomiting persists and the amount of vomitus will be more as minimal or no gastric content passes distally. Our findings support this theory. We have found that the pyloric muscle thickness was higher among infants with vomiting duration more than 1 week and in those with clinically palpable olive mass (P value 0.01 and 0.002, respectively). The mean muscle thickness was higher among dehydrated and lethargic infants. Regarding laboratory data, it has been found in this study that low levels of chloride, sodium, and alkaline pH were marked among those infants with higher mean of muscle thickness. These associations have been proved by the linear regression analysis which showed that the severity of the studied clinical and laboratory data was increased according to each unit increase in muscle thickness at the time of diagnosis. This concept may also be supported by the finding of profound metabolic alkalosis in infants with vomiting due to PS in comparison to those with vomiting due to low obstruction or non-obstructive causes [20] .
As it is a retrospective study, it has its limitations. Furthermore, the small number enrolled in the study makes it difficult to draw a rigid conclusion. However, the use of linear regression analysis in this small size study is an advantage to investigate the association of severity of clinical and laboratory with each unit increase in pyloric muscle. This study may encourage researchers to do further prospective study to evaluate these findings and may open the door to test the relation of the response rate to medical treatment with atropine sulfate and the muscle thickness in pyloric stenosis.
